Abstract
Introduction
In this paper, we describe an algorithm that restores images of incomplete contours.
Classical methods of edge detection do not always allow the detection of all the edges. The contours obtained by a Canny-Deriche filter for example [2], [3] , have sometimes some interruptions (especially at corners or T-junctions).
In this paper, we use a Markovian model [l], [4] to restore the contour image. The Markov Random Field (MRF) model proposed herein is interesting because it allows us to have, at each site, not only local information (the state), but also more global information (the chain number and the direction). Furthermore, a deterministic relaxation algorithm ICM [l] is used in order to generate an sub-optimal configuration, for which the contours are reconstructed. 
First component: the number of the chain.
The contours are decomposed into straight line segments (chains), which are defined as a set of pixels approximately aligned. Each chain is identified by a number chi.
Second component: the direction.
The second component, the direction (written De), is a vector with four real components. This vector is defined in order to have an information about the average contour line direction.
De 1 (Deo , De,, De,, De, ) where Bk is the kth predefined direction which makes an angle of (ICIII4) with the horizontal (k E Using this model, we get, at each site, not only a local information (state), but also a more global one (chain and direction).
Energy function.
The energy function is defined in order to minimize a criterion. Thus, constraints must be selected to extend the lines in the "best" direction, and to create angles and T-junctions.
The total energy U is the sum of potential functions Vi, V2 and VS which are respectively defined on cliques of order 1, 2 and 9. For each potentiel V,, the summation is done on all cliques of order m. the case of a "corner" or of a "T-junction".
The detail of the callculus of this boolean is not described here (for more details, see [5]).
We also define three constants CO, CI and C2, which preserve their values during the restoration of the image (whatever the type of the image).
C O = 0.7, CY1 = 10, C2 = 0.1
The variable K is then relatively large if the contour is thick, or if "c.orners" or "T-junctions" arc unstable.
E; = ( chi, Dei, st; ): MRF defined at site i.
Definition of the energy function. 0 Potential function. VI:
The function V' allows us to recall the initial data, that is to say to preserve contours initially detected by a Canny-Deriche filter 
Vi(Ei) = { 0
Otherwise.
Potential function Vz:
The potential function V2 takes into account the direction vector De, of two neighboring sites i , j. Indeed, contours must be prolongated in a direction compatible with directions of neighboring contours.
Notations.
Where the direction function fdir is given by: 0 D is a boolean related to the initial data: 
-exp ( b~(~,~) )
where is the direction of line (ij).
For a given site, the larger the component De, (given k), the higher the probability of lengthening the contour in the direction &, and conversely.
References
The potential Vg is determined according to the number of neighboring contours (written "vois" ), and of their different neighbor chains (called "ch-vois " ).
Let j (j E [0.
.7]) be the number corresponding to the 8-neighbors of site i. See Fig. 1 for the representation of Vg. 
Conclusion
The method proposed in this paper succeeds in filling of large gaps to restore images of incomplete contours.
We have tested it on different real images and, in each case, we are getting a better contour grouping.
In future work, the following improvements could be achieved:
0 Implementation of a stochastic algorithm for the minimization of the energy function (the Gibbs Sampler algorithm for example).
0 Introduction in the definition of the MRF of more information about the original image (texture). 
